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PRESKRIPSI LATIHAN AEROBIK UNTUK KEKUATAN TULANG DAN KESTABILAN 




Pengenalan – Senaman aerobik umumnya bermanfaat untuk meningkatkan kadar 
denyutan jantung, volum strok dan meningkatkan kecergasan fizikal individu. 
 
Objektif: Kajian ini bertujuan untuk menjelaskan penemuan mengenai kesan latihan 
aerobik khususnya untuk kekuatan tulang dan meningkatkan kestabilan postur badan. 
 
Metodologi – Literatur telah dicari secara sistematik berdasarkan panduan alir PRISMA, 
menggunakan pangkalan data PubMed, Science Direct, Scopus dan Springer Link dari 
tahun 2016 hingga 2021. Kesemua 15 kajian melibatkan manusia yang dikendalikan 
secara rawak dimasukkan dalam analisis akhir. Daripada 15 kajian hanya tiga sahaja 
kajian dikenalpasti mengkaji kesan latihan aerobik terhadap kekuatan tulang dan 
kestabilan postur secara serentak. Manakala, hanya satu kajian yang dilaporkan 
mempunyai kesan latihan aerobik pada kekuatan tulang sahaja, sementara 11 lagi kajian 
lain melaporkan peningkatan kestabilan postur. Jenis latihan aerobik termasuk latihan 
berjalan kaki (misalnya berjalan pantas), tarian tinju Thai, terapi latihan akuatik (latihan 
berasaskan air), latihan ketahanan dan kekuatan, latihan penstabilan dan juga beberapa 
jenis latihan Tai Chi. Berdasarkan analisis, sekitar empat kajian melaporkan bahawa 
senaman aerobik secara tidak langsung meningkatkan kekuatan otot selain daripada 
kekuatan tulang sementara lima kajian melaporkan peningkatan untuk mengurangkan 
risiko jatuh dan mengelakkan kecederaan yang berkaitan dengan jatuh. Oleh itu, jenis 
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senaman yang sesuai untuk individu yang sihat ialah satu set latihan gabungan yang 
terdiri daripada unsur-unsur latihan kekuatan, keseimbangan dan berjalan kaki 
manakala Tai Chi boleh dicadangkan untuk orang tua untuk meningkatkan kualiti hidup 
dan mencegah kecederaan sakit belakang. Selain itu, senaman berjalan pantas disaran 
untuk dilakukan oleh golongan pesakit dari mana-mana peringkat umur bagi 
menguatkan tulang dan meningkatkan kestabilan postur. 
 
Kesimpulannya - Latihan aerobik lebih membantu meningkatkan kestabilan postur 
badan secara signifikan berbanding menguatkan kekuatan tulang di hampir semua 
populasi yang disasarkan. Dipercayai bahawa pembentukan tulang juga terbatas pada 
masalah yang berkaitan dengan penuaan seperti penurunan kepadatan mineral tulang 
(BMD). Pemilihan jenis senaman, jumlah masa dan kekerapan adalah penting untuk 














AEROBIC EXERCISE PRESCRIPTIONS ON BONE STRENGTH AND POSTURAL 




Introduction – Aerobic exercise is generally beneficial to increase heart rate, stroke 
volume and improving individual physical fitness.  
 
Objective: This review aimed to clarify the findings on the effects of aerobic exercises 
specifically on strengthening the bone and enhancing the stability of body posture. 
 
Methodology – Literature was searched systematically based on PRISMA guidelines, 
using PubMed, Science Direct, Scopus and Springer Link databases from 2016 to 2021. 
All 15 articles on human randomised-controlled studies - were included in the final 
analysis. Out of 15, only three studies were found to investigate the effects of aerobic 
exercise on bone strength and postural stability. Meanwhile, only one study reported the 
effects of aerobic exercise on bone strength alone while another 11 studies reported 
improvements in postural stability. Type of aerobic exercises include walking exercises 
(e.g. Brisk walking), Thai-boxing dance, aquatic exercise therapy (water-based 
exercises), resistance and strength exercises, stabilisation exercises and also few forms 
of Tai Chi exercises. Based on the analysis, four studies reported that aerobic exercise 
indirectly develops muscular strength rather than bone strength while five studies 
reported improvement in reducing the risk of falling and avoid fall-related injuries. Thus, 
the type of exercises are suitable for healthy individuals are a set of combined exercises 
which consists of the elements of strength, balance and walking exercises whereas Tai 
Chi could be prescribed for the elderly population to enhance quality of life and prevent 
back pain injuries. Moreover, brisk walking exercise could be recommended to be 
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practiced by patients from any age group in order to strengthen the bone and improve 
postural stability. 
 
Conclusion – Aerobic exercises significantly promote stability in body posture in almost 
all population targeted rather than reinforce bone strength especially in elderly. It is 
believed that bone formation is also restricted in the aging-related issues such as the 
decline of bone mineral density (BMD). Selection of types of exercise, duration of time 












1.1 Background of the Study 
Good bone strength is described as the capacity of the bone to meet mechanical 
requirements. Throughout life, bone tissue is continually developed and remodeled to 
replace old bone with the new one. For fracture healing, bone remodeling is required, 
and the same goes for the homeostasis of calcium as the adaptation towards mechanical 
and skeleton uses (Florencio-Silva et al., 2015). The inconsistency of bone resorption 
and development can result in several bone diseases such as osteoporosis. It is 
important to have good bone strength to reduce the risk of osteoporosis and low bone 
mass (osteopenia) which will increase the risk of falls and fractures (Weaver et al., 2016). 
The most modifiable way to maintain bone strength is through diet and physical activity. 
For instance, optimum meal intake with calcium and vitamin D and involvement in 
exercise with weight-bearing (i.e. running, walking) will strengthen the bone (Beck et al., 
2017).  
 
Bone strength is also important in maintaining a good body posture. While a good 
body posture can be defined as an ability of the body to hold itself in a way that may put 
the least strain on the joints, ligaments and muscles in daily activities (Conyers & 
Webstrer, 2012). It is important to have a good body posture because it will reduce the 
probability of getting posture problems (i.e. back pain, forward head) and helps in 
improving our spine health status. A good posture can be sustained through a few forms 
of strength exercise that focus on abs, abdominal, low back muscle and pelvis (i.e. 
forearm plank, overhead arm raise, shoulder pull back, hip flexor stretch, thoracic foam 
roll and head retraction). Some studies have shown that as age increases, people will 
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start to lose their muscular strength and power which will lead to the loss of mobility and 
balance (Baggen et al., 2019; Daly et al., 2019; Marques et al., 2017). 
 
 In the elderly population, previous study showed that significant issues with gait 
function (Melzer et al., 2004). Therefore, elderly people have a higher probability of 
getting serious injuries because of falls and might also have a fear of falling that affects 
their cognitive performance (Marques et al., 2017; Solloway et al., 2016). In contrast, 
young individuals rarely have bone and stability problems due to greater bone mass 
density and functional performance than the older population (Chen et al., 2015). They 
always have a good bone health status, whereby it reduces the risk of bone fracture 
while doing physical activities (Baggen et al., 2019). Teenagers have better body stability 
than the elders (Chen et al., 2015). 
 
Aerobic exercise can be defined as a subcategory of physical exercise that 
requires the use of oxygen from aerobic metabolism to meet the adequate energy 
demands during exercise (Schootemeijer et al., 2020). Aerobic exercise is significantly 
carried out for extended periods by repeating sequences of low to moderate-intensity 
exercise. It relies primarily on the large muscles of the body as a continuous movement 
in a rhythmic way. The muscles that are stimulated, as well as the duration and intensity 
of the activity, can all be used to determine the type of aerobic exercise. Generally, the 
benefit of performing aerobic exercise is the increase of heart rate, calories intake, stroke 
volume and improving individual physical fitness. A few types of exercises have been 
proposed to enhance bone mass density and reduce the risk of falls such as resistance, 
balance and strength training exercises. Previous studies related to aerobic exercise and 
bone stability among patients have shown the most significant difference in bone mass 
findings. In brief, the patients who are involved in the research are having health 
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problems related to the low bone mass condition (Daly et al., 2019; Yuan et al., 2016). 
The most common bone-related diseases were osteoporosis, osteoarthritis and low back 
pain which most likely affects the patients’ postural balance to perform any physical 
activity (Al-Khlaifat et al., 2016; Braghin et al., 2018; Otero et al., 2017; Shamsi et al., 
2017; Ye et al., 2020; Yuan et al., 2016). Resistance exercises have also been 
suggested to improve the muscular strength in enhancing proprioception and dynamic 
balance of elderly people (Baggen et al., 2019; Carrasco-Poyatos et al., 2019; Daly et 
al., 2019; Kim et al., 2020; Seo et al., 2012; Solloway et al., 2016). 
 
To date, based on literature search, the studies on the effects of aerobic exercise 
on bone strength and posture are not properly reviewed. Thus, this review aims to 
investigate the recommended type of aerobic exercise for the high-risk populations to 
improve bone strength and postural stability. The advantage of this review is that it could 
provide a guideline and exercise prescription for high-risk population such as patients, 
the elderly and active individuals. This review could also be used as a standard for 
training instructions for training programmes and also useful for rehabilitation processes 











1.2 Problem Statements 
Elderly individuals are prone to have osteoporosis and a high risk of falling due 
to aging and low physical activity level. There is a lack of evidence to acknowledge the 
relations of aerobic exercise with the risk of falling and osteoporosis. Eventhough the 
effects of aerobic exercise on bone strength and posture are well established, no reviews 
were done specifically for a different population. Patients and healthy individuals were 
found to have bad posture because of poor dieting habits and poor ergonomic posture 
during work and daily activities. Basic data from previous studies are needed regarding 
the most suitable and recommended exercise that can be done and promoting an 
exercise guideline to the different populations.  
 
1.3 Research Questions 
1. What are the aerobic exercises prescription that can be recommended to 
strengthen the bones? 
2. What are the aerobic exercises prescription that can be recommended to improve 
postural stability? 
3. What are the best aerobic exercises prescription that could be suggested for 
healthy individuals, the elderly and patients to strengthen the bone and improve 
postural stability? 
 
1.4 Study Objectives 
1.4.1 General Objective 
To review the aerobic exercise prescriptions for bone strengthening and improving 




1.4.2 Specific Objectives 
To review the aerobic exercise prescriptions that can be recommended for bone 
strengthening. 
To review the aerobic exercise prescriptions that can be recommended for improving 
postural stability.  
To review the best aerobic exercise prescriptions that could be suggested for healthy 
individuals, the elderly population, and patients for bone strengthening and improving 
postural stability. 
 
1.5 Significance of the Study 
This research is a review about how aerobic exercises may promote a good 
health standard, by measuring bone strength and postural stability as outcome 
measures. The significance of this research would notify the best type of exercises that 
can be recommended based on the published papers for healthy individuals, the elderly 
population, and patients. In addition, this study could be used as a guideline for exercise 
prescription for different populations. The information can be used to educate the 
targeted population regarding the information on frequency, intensity, duration and type 












2.1 Bone and Its function 
Bone can be interpreted as a specific form of connective tissue that is 
physiologically mineralised to create the skeletal system in our body (Gasser & Kneissel, 
2017; Safadi et al., 2009). While bones as individual organs are a combination of bone, 
cartilage, fat, connective tissue, hematopoietic tissue, nerves and vessels (Tzelepi et al., 
2009). On the cell level, it can be divided into three types of bone cells: osteoblasts, 
osteoclasts and osteocytes. The primary cells (osteoblasts) are responsible for bone 
development (osteogenesis) and mineralisation while bone resorption is mainly the 
responsibility of osteoclasts (Safadi et al., 2009). Osteocytes were developed to 
withstand mechanical forces towards the bone surface. Mesenchymal stem cells are 
derived from osteoblasts and osteocytes, whereas hematopoietic stem cells are derived 
from osteoclasts and are linked to monocyte/macrophages. Thus, the hardening of the 
bone matrix, will trap osteoblasts which then become osteocytes, forming the bone. 
 
Studies have shown that two types of bone tissue are classified based on 
collagen fiber arrangement: woven bone and lamellar bone (Safadi et al., 2009). Woven 
bone is designed with a high number of osteoblasts and osteoprogenitor cells and is 
commonly found in the growing fetus. Even though it is an immature type of bone, woven 
bone has a rapid formation and reabsorption process. Because of its disorganised 
structural organization form, woven bone elastically resists the forces that come from all 
directions. Lamellar bone has a well-oriented collagen fibre organisation and is often 
known as mature adult bone which is more rigid and stronger than woven bone.  This 
type of bone has a slower process of mineralisation and a longer period for deposition of 
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the organic matrix. Histologically, there are two types of bone which are compact bone 
and trabecular bone. In short, compact bone refers to mature bone that is found in 
between lamellae or also called osteocytes while trabecular bone or also called 
cancellous bone is a spongy spicule of bone that is located in between marrow space 
(Tzelepi et al., 2009). 
 
Based on previous research from Safadi et al. (2009), there are eight generals 
structures of bone: cortical (compact) bone, epiphysis, physis (epiphyseal plate), 
metaphysis, diaphysis (shaft), periosteum and endosteum. Compact bone is a 
component that is surrounded by a marrow cavity and acts as the outer shell of the bone 
regardless of its actual positions between the periosteum and endosteum. The epiphysis 
is a component that mostly consists of spongy bone which can be found in between the 
physis and articular cartilage. While epiphyseal plate (physis) is only found in growing 
children; and if this component gets fractured, it is possible to result in angular deformity 
(Safadi et al., 2009). Additionally, there is a component called diaphysis which is located 
on the middle portion of a tubular bone. There is also a space between the diaphysis and 
physis/ epiphysis which is called metaphysis. Bone marrow is known as the medullary 
cavity which is filled with fat, hematopoietic marrow and trabecular bone. The portion of 
bone marrow that can be found in younger people is more dominant than in elderly 
adults. Moreover, a layer of membrane on the surface of the bone is known as the 
periosteum, consists of blood vessels, fibroblasts and nerves that contribute to bone 
elongation. In closing, the last component of bone structure is the endosteum which is 





The bone classification can be divided into two ways which is the manner of 
embryological development and through its shape and size (Tzelepi et al., 2009). 
According to Safadi et al. (2009), the feature of bone can be identified grossly into five 
types which are long bones (i.e., femur, fibular, humerus, radius, tibia and ulnar), short 
bones (i.e., metacarpal, and metatarsal), flat bones (i.e., scapula, sternum, and skull 
bone), irregularly shaped bones (i.e., ethmoid and vertebra) and sesamoid bones which 
are embedded bones in tendons (i.e., patella and pisiform). The main function of the 
bones is to provide mechanical support for our body and protection for the vital organs. 
For instance, there is a cranial cavity where the brain resides is created by skull bones 
and the presence of pleura and the thoracic vertebrae in thoracic cage is essential for 
the defense of the heart and lungs. Trabecular bone is an active bone component that 
has the ability to resist greater mechanical compression which is good for bone strength 
and bone mass maintenance. Hence, there is a low risk of bone fracture when it is 
exposed to high force components during physical activities (Safadi et al., 2009). 
 
Thus, there are three climax phenomena in the normal bone remodeling: (1) 
osteoclasts inhibit the bone formation via expressing semaphorin4D (Sema4D), (2) 
osteoblasts impede the bone resorption by expressing Sema3A, and (3) osteocytes 
generate factor that exerts anabolic bone action before dying and osteocytes will be 
removed from remodeling site. This process occurs due to coordinated actions of 
osteoclasts, osteoblasts, osteocytes, and bone lining cells which together form the 
temporary anatomical structure called basic multicellular unit (BMU) for new bone 






2.2 Postural stability and its importance 
Based on Chaudhry et al. (2004), postural stability can be defined as a response 
towards the dynamic postural movement, whether it has been intentionally applied or 
volitional disturbances. In contrast, postural control is typically called "postural 
steadiness" under static conditions. Postural control is a term used to denote how 
sensory information from other systems is regulated by our central nervous system 
(CNS) in order to generate sufficient motor output to maintain a balanced, upright 
posture. The major sensory systems that will be involved in postural control and balance 
are the visual, vestibular, and somatosensory systems (Alcock et al., 2018). When a 
person participates in various static and dynamic activities, such as sitting, standing, 
kneeling, quadrupling, crawling, walking, and running, with the ability to contract the 
necessary muscles needed for a stable midline posture, as well as the ability to make 
minor adjustments in response to position changes and its activities, without the use of 
compensatory motions.  
 
Posturography is a type of computerised test that has been used to identify 
postural control either in static or dynamic position for upright stance (Chaudhry et al., 
2004). In brief, the key clinical test that has been used in dynamic posturography is 
Sensory Organisation Test (SOT) which brings an outcome called equilibrium score 
(ES). ES is used to examine the overall function of the visual, proprioceptive, and 
vestibular systems for the maintenance of standing posture. However, the function of ES 
meets the main functional objective of postural control which is for the orientation and 
equilibrium of our body posture. The body's alignment and tone are controlled by postural 
orientation in terms of gravity, support surface, visual setting, and internal references. 
During both self-initiated and externally activated stimuli, the synchronisation of 
sensorimotor techniques to maintain the center of mass of the body constitutes postural 
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balance (Chaudhry et al., 2004). These show the importance of visual, proprioceptive 
and vestibular sensory systems are towards postural balance. 
 
 Therefore, the visual system acts as the first sensory information receiver 
improving postural stability. There are two practical types of eye movements: gaze 
stabilisation and gaze shifting (Alcock et al., 2018). Gaze stabilisation is a technique that 
involves the vestibulo-ocular and optokinetic systems to keep the eye stable while the 
head moves or shifts. When a visual target shifts or moves, individuals who maintain the 
vision of the visual target fixed on the eye are seen to be gaze shifting. There are three 
functions of gaze shifting in focusing the visual image on the fovea of the eyes. Smooth 
pursuit makes use of the eyes to monitor a visual target's movement. Alteration of 
vergence helps to modify the angle of eyes to get a clear distance to near images. At the 
same time, saccadic eye movements will help individuals to bring the visual target into 
their view limits. Saccades are quick and jerky movement of eyes in two or more phases 
of fixing view into the same direction. Thus, the visual system is necessary to understand 
the postural balance in clinical settings (Bloem et al., 2003).  
 
 Additionally, the vestibular system accommodates the trunk vertically by using 
sensory orientation and weighting appropriate sensory signals in various sensory 
conditions. For example, the patient was asked to stand on an inclined surface or on 
foam, or with their eyes closed. The postural responses (patient stands or walks a beam) 
or stabilisation of the patient’s head (leans or is tilted) during postural movement will be 
able to control the body's center of mass (COM) for both static and dynamic positions 
(Hain, 2011; Ivanenko and Gurfinkel, 2018; Yang et al., 2019). The somatosensory 
system requires the involvement of sensory neurons that are very sensitive towards 
touch, pressure, pain, temperature, position, movement and vibration which comes from 
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the internal or external of our body. However, mechanoreceptors are the specific sensory 
neurons associated with the postural control system. It provides information about 
muscle spindles such as muscle’s length and its velocity of contraction which are helpful 
to alter the individual’s movement in the postural control system (Kröger, 2018; Shaffer 
and Harrison, 2007). 
 
According to Mahant and Stacy (2001), when an individual starts to age, the 
tendency to have movement limitations is one of the most prominent issues in the elderly 
population. There are two types of movement disorders which are hypokinetic (i.e., 
Parkinson’s disease) and hyperkinetic (i.e., essential tremor). A normal aging process 
causes muscle atrophy which leads to the declining of power and strength of the 
individual’s lower extremities. In addition, they will also lose their balance and 
coordination in mobility which causes the restriction of mechanical movement (Marques 
et al., 2011; Otero et al., 2017). 
 
Postural stability is an important component in determining the effectiveness of 
interventions to improve balance. The premier importance of having good postural 
stability is to reduce the risk of falling and fall-related injuries. According to (Ye et al., 
2020), it is reported that muscle weakness and pain are associated with decreased 
postural function, as pain inhibits muscle activation and range of motion. The decline of 
postural stability is very significant with the elderly population because they have balance 
and gait impairment that contribute to falls (Melzer et al., 2004). There are many forms 
of balance tests to determine the ability of body posture to maintain control. Therefore, 
a few types of exercise have been introduced to enhance body function abilities, 
especially postural stability, muscular strength and flexibility. It is also helping in reducing 
the pain scale that causes bone-related disease.  
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2.3 Exercise prescriptions to improve bone strength and stability. 
In order to achieve individual wellness and physical fitness objectives, an 
exercise training programme needs to be planned ideally. The concepts of exercise 
prescription are intended to help exercise and health/fitness practitioners in creating a 
personalised exercise guideline. The guideline for an exercise programme is commonly 
recommended for healthy adults; any modifications are allowed as long it meets the 
individual’s goals (American College of Sports Medicine, 2010). In choosing the exercise 
mode in an exercise programme, there are a few aspects that should be considered such 
an individual’s objective, physical capability, health condition and availability of the 
equipment. For the exercise prescription, it is not necessary to combine all the physical 
fitness components into one programme if the aspects of the exercise modalities as 
above were met. Based on a combination of the frequency and intensity of exercise, 
recommendations can be made based on Table 1 (American College of Sports Medicine, 
2010). 
 
Table 1. General exercise recommendations for healthy adults 
WEEKLY FREQUENCY 
(Day per week are denoted to an 
exercise programme) 
TYPES OF EXERCISE 
At least 5 days per week Moderate intensity (40% to <60% VO2R) 
aerobic (cardiovascular endurance) 
activities, weight-bearing exercise, 
flexibility exercise 
At least 3 days per week Vigorous-intensity (≥60% VO2R) aerobic 




3–5 days per week A combination of moderate- and vigorous-
intensity aerobic activities, weight-bearing 
exercise, flexibility exercise 
2–3 days per week Muscular strength and endurance, 
resistance exercise, calisthenics, balance 
and agility exercise 
 
 
2.3.1 Exercise prescription for individuals with low bone mass and high risk of falling. 
  According to Beck et al. (2017), the rate of morbidity and mortality in people with 
health problems is associated with osteoporotic fractures. While current recommended 
guidelines are common and not specialised for the prevention and management of 
osteoporosis. In addition, generalised exercise guidelines may not develop the 
individual’s bone health, functional ability and reduce the risk of fracture. Since aerobic 
exercise is notable as cardio-respiratory exercise or in brief it is known as fat-burning 
exercise, it should be performed as minimum as 30 minutes. Thus, to maintain prolonged 
physical activity, exercise must be done at a low to moderate intensity by increasing 
maximum heart rate or maximum rate of oxygen uptake which are good for oxidation of 
fat into an energy form.  
 
Aerobic exercise is separated into two types of impact with different benefits and 
risks towards a sufficient bone stimulus. Conventionally, high-impact exercise often 
involves bounding and jerky movements, which is good for cardiovascular fitness and 
enhancing bone density (Said et al., 2017). As for the low-impact exercises, they can be 
performed in a fluid-like motion and produce more gentle forces towards our joints, 
therefore the least risk of injury involved along with the development of body flexibility 
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and stability (Said et al., 2017). However, yoga cannot be considered part of aerobic 
exercise because it is unable to increase the ability of cardiorespiratory endurance 
(Akhtar et al., 2018). Thus, Table 2 provides an exercise prescription for individuals with 
osteoporotic fractures which is applicable for bone strengthening and improving postural 
stability (Beck et al., 2017). 
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Table 2: Exercise prescription for the prevention and management of osteoporosis according to level of risk for fragility fracture 
Exercise 
mode 
Exercise components Low risk individuals 
(prevention of OP) 
Moderate risk individuals 
(prevention of OP) 
High risk individuals 
(management of OP and 
prevention of falls) 
Impact loading Vertical and multidirectional 
jumping, bounding, hopping, 
skipping rope, drop jumps and 
bench stepping. Progress body 
weight (BW) intensity by 
increasing heights for activities 
such as bounding and drop 
jumping, adding weighted vests 
and changing directions. Impact 
loading can be interspersed 
between balance and resistance 
training exercises. using 
weighted vests, changing direct 
of movement 
Intensity: High impact activities 
(>4 body weight), as tolerable 
 Frequency: 4–7 days per 
week Sets/Repetitions: 50 
jumps per session (3–5 sets of 
10–20 repetitions with 1–2 min 
rest between sets) 
Intensity: Moderate-to-high 
impact activities (>2 body 
weight), as tolerable  
Frequency: 4–7 days per week 
Sets/Repetitions: 50 jumps per 
session (3–5 sets of 10–20 
repetitions with 1–2 min rest 
between sets) 
Intensity: Moderate impact 
activities (2–3 body weight), 
within the limits of pain, 
increasing as tolerated. Frail 
individuals will require a period 
of PRT to develop adequate 
strength to perform some 
impact activities.  
Frequency: 4–7 days per week 
Sets/Repetitions: Aim to work 
up to 50 repetitions over time (5 
sets of 10 repetitions with 1–2 
min rest between sets) Frail 
individuals should be 
supervised and exercise within 
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8 exercises per session targeting 
major muscle groups attached to 
the hip and spine including (on a 
rotating system): weighted 
lunges, hip abduction/adduction, 
knee extension/flexion, plantar-
/dorsi-flexion, back extension, 
reverse chest fly’s, and 
abdominal exercises, or a 
smaller number of compound 
movements such as squats and 
deadlifts. 
Intensity: High to very high 
(80–85% 1RM; ≥16 on Borg 6–
20-point RPE scale or ‘Very 
hard’)  
Frequency: 2 days per week 
Sets/Repetitions: 2–3 sets of 8 
repetitions.  
 
Consider including high 
velocity (rapid) PRT exercises 
to enhance muscle power and 
function Avoid deep forward 
spine flexion. Training in 
technique and supervision is 
essential. 
 
Intensity: High to very high (80–
85% 1RM; ≥16 on Borg 6–20-
point RPE scale or ‘Very hard’)  
Frequency: 2 days per week 
Sets/Repetitions: 2–3 sets of 8 
repetitions.  
 
Consider including high velocity 
(rapid) PRT exercises to 
enhance muscle power and 
function Avoid deep forward 
spine flexion. Training in 
technique and supervision is 
essential. 
Intensity: High to very high (80–
85% 1RM; ≥16 on Borg 6–20-
point RPE scale or ‘Very hard’) 
Frequency: 2 days per week 
Sets/Repetitions: 2–3 sets of 8 
repetitions. 
 
Consider including high velocity 
(rapid) PRT exercises to 
enhance muscle power and 
function Avoid deep forward 
spine flexion. Training in 






Standing and moving exercises 
with gradual reduction in base of 
support to standing on one foot, 
perturbing the center of mass 
with leaning and reaching then 
regaining balance with minimal 
use of support from the upper 
extremities.  
 
E.g., Tai Chi, single leg stance, 
tandem stance, tandem walk, 
backwards, sideways and 
crossover walks, circle and pivot 
turn, figure of eight walks, 
stepping over and avoiding 
obstacles, walking on uneven 
surface. Progress by altering 
surface (foam mats) and 
reducing base of support, longer 
Intensity: Challenging 
Frequency: Incorporate 
balance activities where 
possible into strength and 
impact elements of the 
exercise programme. Tasks 
performed with eyes closed 
should be done in proximity to 
a railing or other secure 
support. 
Intensity: Challenging 
 Frequency: 4 sessions per 
week Sets/Repetitions: 30 min 
of a variety of balance 
exercises per session; at least 
10 sec per balance exercise 
and at least 10 steps forward 
and back for mobility exercises, 
increasing as tolerated to 
longer durations. 
 
 Could be accomplished within 
other exercise bouts during the 
course of a week. Tasks 
performed with eyes closed 
should be done in proximity to 
a railing or other secure 
support. 
Intensity: Challenging  
Frequency: 4 sessions per 
week Sets/Repetitions: 30 min 
of a variety of balance 
exercises per session; at least 
10 sec per balance exercise 
and at least 10 steps forward 
and back for mobility exercises, 
increasing as tolerated to 
longer durations.  
 
Could be accomplished within 
other exercise bouts during the 
course of a week. Frail 
individuals should be 
supervised to prevent falls 
during balance training and 
exercise within reach of a railing 
or other secure support. 
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or faster steps, heel and toe 
walks, raised arms walk, 
withdrawing vision during 
balance tasks, and dual tasking 
(e.g., cognitive task such as 
counting backwards or naming 





Materials and Methods 
 
3.1. Data sources 
Related studies were searched electronically using the following databases: PubMed, 
Scopus, Springer Link and Science Direct. Briefly, the selected studies were hand-searched 
using the same selection criteria as described below. In addition, cross-referencing on the 
related studies was performed to obtain additional information. Peer-reviewed articles in the 
English language from 2011 until 2021 were used. No attempts were made to contact the 
authors for additional information.  
 
3.2. Study selection  
The search was conducted according to the Preferred Reporting Items for Scoping 
Reviews and Meta-Analyses (PRISMA) flow guidelines (Liberati et al., 2009). The following 
keywords were used during the search: #aerobic exercise and (#bone and #stability). Studies 
were screened for performing aerobic exercises as intervention, treatment, or physical activity 
and bone stability or postural balance as outcome measures. Controlled trials and laboratory 
studies on humans only were included in this review. The exercise interventions comprised of 
brisk walking, Tai Chi, Thai boxing dance, soccer, Qigong (Ba Duan Jin) exercise and a 
various component of exercises such as plyometric, stabilisation, strengthening and 
proprioception. Outcome measures of bone and stability are described: (1) risk of falls (2) 
bone strength, (3) body balance, or (4) postural stability. 
 
PRISMA flow has been produced based on pre-determined stages which are 
identification, screening, and eligibility and inclusion. The initial search from the databases 
identified 669 potential articles. After removing duplicates, 668 articles were assessed based 
on titles and abstracts against the selection criteria. A total of 612 articles were excluded 
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because they did not investigate aerobic exercise, bone strength, body stability, or exercise 
prescriptions. Instead, the reasons behind the huge number of full-text articles rejection were 
because there were 411 articles were not the type of exercises and structures in the inclusion 
criteria, about 156 articles were totally unrelated study outcomes, while 43 articles were 
conferences and evaluation papers. After a detailed analysis of full-text articles, only 15 were 
included. The process of study selection paper as shown in Figure 1. 
 
3.3. Data extraction  
The titles and abstracts of retrieved articles were reviewed using the criteria specified 
to determine whether full texts were required for further analysis. Each full-text manuscript 
was evaluated systematically according to the study: (1) objective/s, (2) characteristics of the 
study (study design, participants, age and sample size), (3) intervention content (intervention 
types, length of intervention, or mode of exercise tested (4) targeted outcome/s, and (5) main 
findings. The outcomes extracted from those studies were not combined, reanalysed, or 
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4.1 Search results 
The initial search from the databases identified 669 potential articles. After removing 
duplicates, 87 articles were assessed based on titles and main keywords against the selection 
criteria. A total of 612 articles were excluded because they did not investigate the effect of 
aerobic exercise on bone strength and postural stability. After a detailed analysis of the 33 
abstracts and full-text articles, only 15 were included in this scoping review. The excluded 
articles were comparative papers, inaccessible full-text articles, unidentified specific exercise 
intervention, unrelated outcomes and virtual therapy. Fig. 1 describes the PRISMA flow 
diagram for the study selection. 
 
From the 15 studies reviewed, only one study focused on bone strength while the 
remaining 11 were about postural stability. Another three studies investigated the effect of 
aerobic exercise on both bone strength and postural stability. The scope of study from those 
retrieved articles was primarily on the effects of aerobic exercise prescription on bone strength 
and postural stability.  
 
Secondarily, few studies investigated the effect of aerobic exercise prescription as an 
intervention on various groups of subjects whether they are from the active individuals, elderly 
population or the patients' groups. These studies include bone health status, risk of falling, 








4.2 Effects of aerobic exercise prescription on bone strength 
 Table 3 summarises the effects of aerobic exercise prescription on bone strength. One 
study was conducted on soccer players focusing on the effects of training on their bone 
strength. A combination of techniques used in soccer such as dribbling, shooting, passing, 
and precision, trapping and receiving a ball provides a great impact on the stimulation of bone 
mineralisation which results in increased bone mass and prevention from bone fractures. 
 
4.3 Effects of aerobic exercise prescription on postural stability 
 Table 3 summarises the effect of aerobic exercise prescription on postural stability. 
Three studies reported that Tai Chi training may improve leg balance and power. The study 
was applied to patients, elderly and active individuals and it shows that Tai Chi is a good and 
suitable form of exercise to be used on any group of people. Two of these studies investigated 
aquatic exercise which it was beneficial to reduce the risk of falling especially in the 
fibromyalgia patients and the elderly group. One study found that a combat sport was also 
affecting postural stability by reducing the risk of falling and improved balance in the elderly 
group. One study conducted on the university students reported that stabilisation exercise was 
able to reduce the postural back pain while another study on strengthening exercise involving 
elderly patients reported a decrease in the risk of fall, besides enhancing the balance and 
proprioception elements. Another study involves stabilisation exercise in scoliosis patients, 
which was able to showing enhancement of postural balance. There are two studies that 
involved walking exercise; one study reported that Nordic walking in elderly with osteopenia 
or osteoporosis was able to increase the cardiovascular fitness despite improving one's 
balance. Another one study investigated the combination of walking and strengthening 







4.4 Effects of aerobic exercise prescription on bone strength and postural stability 
 Three studies reported changes in both bone strength and postural stability. One study 
on an elderly group performing plyometric training showed improved functional performance, 
while another study which involved brisk walking exercise has been shown to prevent the 
deterioration of postural stability. One study was conducted on patients' group which employed 
the Qigong training and their results indicated that besides reducing the risk of falling, the 
participants also gained bone mass density and improved balance performance. 
 
